ABSTRACT.-(1) Congenital malformations of the mesentery are a definite morbid entity of a chronic type which may be recognized, before operation, by careful clinical investigation.
THE complicated evolutions which the fully developed mid-gut segment of the alimentary tract. undergoes in its course of reduction from the primitive umbilical sac to the abdominal cavity proper, during about the eighth week of fcetal life, must proceed unchecked in any detail before the normal architecture of the alimentary tract can be accomplished. The different phases of this evolution are reduction, rotation, descent from a higher to a lower plane of the abdominal cavity, and, finally, fixation. At one end of the pathological scale is the condition of exomphalos in which no departure has been made from the primitive embryonic condition of the eighth week, and the child is born with the whole of the mid-gut loop present in a persistent umbilical sac. At the other end of the scale the whole process has been carried out successfully, with the exception of fixation, which is illustrated by the persistence of a primitive vascular mesentery to the whole of the ascending colon. In between these two extreme types, all forms of malformation dependent upon the failure of completion of one or other of the different phases of evolution have been described; these descriptions, however, have not been based upon clinical diagnosis made beforehand upon children suffering from vague abdominal disorders, but rather from deliberate embryological studies made in the post-mortem room, or from accidental findings during the course of abdominal operations undertaken for other conditions, or at operation for acute abdominal catastrophes in early infancy-such as volvulus-which have been surmised correctly as depending upon one or other of these malformations. t The purpose of this paper is to attempt to show that malformations intermediate between the two extreme types already mentioned, present a definite clinical picture, are diagnosable by clinical methods alone, and are amenable in some degree to successful operative treatment. Its justification must be the successful diagnosis of four out of five cases seen within the last three years, in which the predicted malformation was subsequently found at operations undertaken deliberately for the purpose of rectifying it. In the fifth case no attempt at diagnosis was made, although significant physical signs were noted but not stressed beforehand in view of the fact that the patient had an acute abscess in her appendix.
A few facts of embryology must be recapitulated first, for the proper understanding of the significance of the clinical signs and symptoms present in these cases. The segment of gut involved-the mid-gut-is the whole portion of the alimentary tract which extends from the papillary portion of the duodenum to the junction of the middle and left thirds of the transverse colon. Alternately, it may be defined as all that portion of the alimentary tract which derives its blood supply from the superior mesenteric vessels. The small intestine is the first portion to be reduced within the abdominal cavity-the duodenum being followed by the jejunum and finally by the ileum-and during this stage it rotates from the coronal to the sagittal planea complete reversal of its position relative to the large gut in the umbilical sac. When the lowest part of the ileum enters the abdominal cavity only the caecum and part of the ascending colon remain as the last contents of the umbilical sac, the rest of the ascending and transverse colon having been reduced pari passu with the small intestine. As the coils of small intestine begin to accumulate within the abdominal cavity a further process of rotation begins around the pedicle of the superior mesenteric vessels from the sagittal once more to the coronal plane, but in such a way that the coils of small intestine begin to pass behind the superior mesenteric vessels and that portion of the colon which has already entered the abdominal cavity. With the final completion of this phase of rotation, the small gut lies to the left side of the right colon and within the space bounded by the three segments of the colon, whilst its highest duodenal portion is crossed by the superior inesenteric vessels and by the colon in the region of the junction of its ascending and transverse portions.
The cmcum then sinks to the region of the right iliac fossa, the mesentery of the small intestine acquires a secondary fixation to the front of the bodie3 of the lumbar vertebra, and the mesentery of the ascending colon disappears by fusion with the posterior parietes of the abdominal wall. If reduction and rotation are arrested during any of these stages then fixation and disappearance of the mesenteries does not occur, and it is for this reason that the title of ' Congenital Malformation of the Mesentery " has been chosen for this paper. Whilst the clinical symptoms of these cases-more especially pain-seem to me to depend upon the ftilure of the primitive mesenter-y to undergo fusion and fixation, the clinical signs appear to depend upon the misplacements of the different segments of the midgut that must be associated inevitably.
The illuminating papers by Frazer and Robbins' and Norman Dott2 sbould be studied by anyone interested in further embryological details.
With this prelude the clinical features common to all the cases can now be described. Clinical Signs (a).-In four cases a sense of "emptiness" of the right iliac fossa was a most arresting physical sign. This fossa is filled normally by large and small intestine, both of them being comiponents of the mid-gut. Bearing in mind that malformations affect the segment of mid-gut only, it is clear that one or other of its components (it is not possible to dogmatize as to which) must be absent from the right iliac fossa, when, as it is easy to determine, this fossa is not normally filled. In Case III, I had stated beforehand that the emptiness of the right iliac fossa was due to the absence of the ascending colon, and this opinion proved to be quite wrong at the subsequent operation (Plate III). Emptiness of this fossa has been described as a sign of intussusception; it is very rarely so, because in this disease the fossa, as a rule, is more than generously filled by coils of over-distended intestine, which can be seen to occupy it during the course of the operations.
(b) An asymmetrical fullness is a fairly constant sign. It was noted in Cases II III, IV and V. In Cases II and IV the whole of the colon was a left-sided viscus;
in Case III the whole of the small intestine was lying external to the left colon and was a purely abdominal viscus, shut off entirely from the pelvis. In all these cases the whole of the left side only of the abdomen was obviously swollen on inspection; palpation confirmed an abnormal fullness without any evidence of tumour formation. In Case V the whole of the upper half of the abdomen was swollen; below the umbilicus it appeared abruptly flat.
X-RAY EXAMINATION.
Radiography applied with the special purpose of confirming the clinical diagnosis of congenital malformation proved to be disappointing on the whole. In Case I a high ccum was revealed; but the intimate relationship of the duodenum and terminal part of the ileum enclosed by a band of omentum could not, of course, be shown. No help was obtained from pictures of the other cases; but it was not realized until after the operation on Case III that the best way to obtain information as to the relative positions of the small and large intestines is to give a barium meal by the mouth, and, when this has been seen on the screen to be giving a good definition of the small intestine, to administer a barium enema and thus obtain a composite picture. This method was adopted for Case III two months after operation, when a perfect picture was obtained showing that the small intestine now occupied its normal position between the three segments of the large bowel.
DETAILS OF CASES.
(I) N. B., female, aged 6-years, was first seen February 25, 1925, with Dr. H. Waller.
Hi8tory.-She had a "weak digestion " from infancy, and had been under continuous treatment for this by a consulting physician for the past three years. The attacks of pain were of a violent and paroxysmal nature, experienced in the region of the right hypochondrium, and might last for only a few minutes or for a couple of hours. In the worst attacks the child would throw herself upon the floor and scream. They were liable to come on peculiarly during exertion, most frequently when she was running about playing out of doors, or towards the end of the day when she was having a final romp in the nursery before going to bed. They had no time-relationship to food, and appeared to be quite unrelated to regularity or irregularity in the action of the bowels. They had been present from early childhood. The parents had been advised now that the appendix ought to be removed.
On Exarmination.-The singular emptiness of the right iliac fossa was noted, but nothing else abnormal was detected. Skiagrams seemed to show that the cacum was under the liver. Taking these findings in conjunction with the details of her attacks of pain, a diagnosis of " congenital malformation of the mesentery " was made and operation advised. The parents refused to agree to this, and as they were inet with a refusal to remove the appendix, the child was placed under the care of another dietetic specialist for a further period of fifteen months. At the end of this time her sufferings had been entirely unaffected, and consent was given now to the performance of the operation advised originally (Plate I).
Operation.-Laparotomy was performed June 9, 1926. When the abdomen had been opened by reflecting the right rectus outwards, the whole of the small intestine was found to be on the right side. The duodenum was a straight tube with the terminal portion of the ileum close alongside and parallel to it. These two portions of the small intestine were bound together by a stout anomalous band of omentum which completely encircled them and at the same time enclosed the whole of the mesentery which contained the superior mesenteric vessels. The ileum joined the cecum immediately below the greater curvature of the pyloric end of the stomach; from the cecum the large intestine passed directly to the left, so that the ascending and transverse colons appeared to be represented by a short segment of colon between it and the splenic flexure. The colon on the left side was voluminous. A small and entirely healthy-looking appendix was removed. The anomalous band of omentum was resected freely so as to liberate entirely the pedicle formed by duodenum, superior mesenteric vessels, and ileum which was constricted by it. A congenital foramen (not shown in the sketch) in the mesentery of the small intestine was closed. Nothing else abnormal was found.
ResUtU8.The child had an easy recovery, and up to the present time (May, 1928) has *remained perfectly well without any recurrence of her former troubles. It would appear from a survey of all the details of the case that the constricting band of omentum was the chief factor in producing the attacks of (violent) abdominal pain, either by obstructing at intervals the lumen of one or other of the enclosed pieces of gut, or by forming a pedicle so narrow that torsion occurred in the direction of a volvulus which was prevented from becoming complete by the broad attachment of the omentum to the stomach. In favour of the latter view the liability of the attacks to be precipitated by active exercise is suggestive.
(II) R. F., female, aged 12 years and 4 months, seen in conjunction with Dr. R. S. Frew.
History.-All her life she had had a " delicate inside," and at the ages of 4, 6, and 8 years xespectively, had had attacks of severe abdominal pain lasting for two days, and associated with the passage of blood and mucus from the bowel, so that intussusception had been suspected. Her own description indicated a gnawing pain over the area of the stomach entirely to the left of the middle line. This pain always began a few moments after swallowing the first few mouthfuls of a meal, and increased in intensity as the meal progressed, reaching its maximum at the end of the meal. From this point it began to die away gradually and as a rule had just disappeared before the next meal was due. It was always worse during the two large meals of the day, i.e., breakfast and dinner. Posture had no influence upon it except that the patient could endure an inevitable evil more comfortably when she was lying down, and no regulation of dietary or action of the bowels had any effect upon it. She had been brought up on careful diet and on drugs to control the action of the bowel daily, but at no time did she obtain any prolonged freedom from her gastric pains. She was sent up from her school at the seaside to London with a diagnosis of acute appendicitis, and I first saw her on April 22, 1925.
On Exami'nation.-The right iliac fossa was obviously empty, and there was no tenderness anywhere. The left side of the abdomen was full in its lower half only. In view of the child's own excellent description of her pain, the presence of these signs appeared to justify the diagnosis of "congenital mesenteric malformation "; and the parents consented to an operation to investigate this condition. There were no signs at all of any acute illness, so that it was arranged for convenience that the operation should be done on May 6, 1925 (Plate II).
Operation.-The right rectus was turned outwards and the abdomen opened. The small intestine occupied the right side of the abdominal cavity, and the whole of the colon was on the left side; but, unlike that in the previous case, the cEecum was lying on the left side of the floor of the pelvis, where the ileum joined it. The ascending colon made a vertical ascent to reach the greater curvature of the stomach to the left of the middle line; from this point to the splenic flexure the transverse colon was represented by a short segment of gut only. The ascending colon was enclosed by the same primitive layer of mesentery as the small intestine; no secondary fixation had occurred anywhere, so that the whole weight of the primitive mid-gut was supported by the stomach. The condition was one of total reduction of the mid-gut with arrest of subsequent rotation and fixation. A small and very innocentlooking appendix was removed, and the abdomen closed with the feeling that no improvement could follow.
Re8ult8.-The attacks of gastric pain recurred ten days later, and continued at frequent intervals throughout the following year. Treatment was devised after operation with a view to taking the weight of the colon off the stomach as much as possible. A supporting belt was ordered, which was put on when the child was " upside down," a diet devised to leave the smallest amount of debris, and mild aperients and paraffin were prescribed to secure a a rather frequent emptying of the intestine. During the present year there has been some improvement in her condition.
(III) L. B., male, aged 10 years, was admitted to the Hampstead General Hospital on January 28, 1927, under the care of my colleague, Dr. Scott-Pinchin, who kindly asked me to see the patient with him. Under observation in the ward an attack of left-sided abdominal pain, with distention of the abdomen and a passage alternately of "pipe-stem" and enormous motions, had been noted.
H'i8tory. -The full sequence of events which had been present from early childhood was described by the mother who had taken him to many hospitals in London for treatment of his " indigestion "; and on two occasions had refused her permission for the removal of the appendix. A pain like "a bad-stomach-ache" was experienced on the left side of the abdomen spreading well out to the left flank. A constant series of changes observed by the mother heralded and ushered out each attack: daily motions became small and pipe-like, then there was complete constipation for a few days, then a slow symmetrical swelling of the whole abdomen began which was followed after a varying period by the attack of pain. This might last for an hour or two or for most of the day, and was always relieved by the spontaneous passage of several enormous, formed motions. The attacks of pain were not affected by posture, or by changes in diet, or by drugs, which had been administered for several years.
On Examiznation.-He was first seen by the writer on March 21, 1927, when the left side of the abdomen was noticed to be obviously swollen; it was full on palpation, without any evidence of tumour formation, and the right iliac fossa felt abnormally empty. A diagnosis of " congenital mesenteric malformation " was made, with which Dr. Scott-Pinchin agreed, and operation was decided upon after further X-ray examination. The radiograms were not helpful, and it was only after operation upon this case that the right method of procedure was worked out (Plate III).
Operation.-Laparotomy was performed on April 1, 1927. The left rectus was turned outwards and the abdomen opened. It was then found that the first part of the jejunum and the terminal part of the ileum converged to a narrow pedicle crossing and tying down the midpoint of the left colon, external to which the whole of the rest of the small intestine was lying. This latter part was confined entirely to the abdominal cavity and left iliac fossa, since all access to the true pelvis was cut off by the iliac and pelvic colon. Where the mesentery of the small intestine crossed the left colon it was tied to it by a stout band of primitive undifferentiated embryonic tissue and the colon was flattened, and only when this had been cut through was it possible to reduce the small intestine to its normal pelvic and abdominal situation bounded by the three segments of the colon. It settled down here quite easily witbout any impediment to its circulation, or any tendency to return to its abnormal position. A simple healthy appendix was then removed and the abdomen closed (Plate IV).
Results.-The boy has remained quite well up to the present time, and has shown no tendency to a recurrence of the alternate small and large motions. Two months after the operation a skiagram of the abdomen was taken with the improved procedure, and the small intestine was clearly outlined lying in its normal position in relation to the colon. The clinical features of the case noted beforehand became easily understandable in the light of what was found at operation.
(IV) E. H., female, aged 21, was seen with Dr. E. A. Seymour, on January 26, 1927. The symptoms of the attack of acute appendicitis from which she had just recovered need no description. They were confirmed at the subsequent operation, when an appendix full of pus with recent lymph around it was removed.
On Examination.-The emptiness of the right iliac fossa was noted, as well as a slight fullness of the abdomen on the left side. No deductions were made from these very important observations, which were overshadowed entirely by a description of the symptoms of an acute illness from which the patient had just recovered successfully. Operation.-Laparotomy was performed on February 2, 1927. The lower half of the right rectus was turned outwards and the abdomen opened. The position of the viscera was identical with their position in Case II (Plate II). One difference-possibly of importance in view of the absence of a history of prolonged " indigestion "-was noted in this case. The ascending colon had acquired, over its whole length, a secondary attachment and firm fixation to the left side of the bodies of the lumbar vertebrEe, and was not contained within the fold of primitive mesentery common to it and the small intestine; in Case II the ascending colon had not formed any such attachment and was completely mobile.
Result.-The patient has been quite well since the date of operation when the appendix was removed.
(V) A. V. R., male, aged 7i years, was admitted to the Hampstead General Hospital on October 6, 1927, under the care of my colleague, Dr. Scott-Pinchin, who kindly asked me to see the case with him.
History.-From early infancy the patient had suffered from attacks of severe abdominal pain and vomiting. The pain was very violent in character, and was experienced by the patient in the mid-epigastric region. The first attack occurred before he was 2 months old, and was accompanied by continuous vomiting, which became biliary in character. By the time he was 7 years old it was easy to recognize that these attacks were characteristic of an obstructive lesion high up in the alimentary tract. The vomiting quite often occurred independently of the pain, was copious to begin with, continuous, and consisted ultimately of bile. At the age of 2 months he was admitted to a children's hospital in London, and was The whole of the membrane was cut away up to the foramen of Winslow, with immediate relief to the constrictions of both gall-bladder and duodenum. It was then noted that the whole of the rest of the duodenum appeared to have a slightly larger lumen than the jejunum, and that the first part of the jejunum was bent at an acute angle to the terminal part of the duodenum. This appeared to be due to abnormal mesenteric attachments of the rest of the small intestine and the right colon. These viscera were contained in a common mesentery, whose sole line of attachment posteriorly was the usual one of the small intestine, but only to the body of the second lumbar vertebra. Consequently the whole weight of the colon and small intestine combined fell upon the vascular pedicle crossing the horizontal portion of the duodenum and upon the other fixed point of the gut, i.e., the duodenojejunal flexure. As, however, the dilatatiorn of the duodenum that might be attributed to these two factors was much less than the gross dilatation above the crossing of the cysticocolic ligament, it was decided to do nothing more for the present. If the progress of the patient does not continue in a satisfactory manner, then a relief of the strain on the duodenum, either by fixation of the ascending colon or by the performance of a duodenojejunostomy, as advised by Wilkie, will have to be considered (Plate VI).
Another feature of great interest was the presence of enlarged lymphatic glands distributed along both borders of the duodenum and forming large clusters between the layers of the gastro-hepatic omentum, over the head of the pancreas, and at the duodeno-jejunal junction. There were none in the whole of the rest of the mesentery, so that this distribution appeared to suggest that a simple infection had occurred by adsorption from the retained contents of the duodenum. One gland was removed for microscopical investigation, and the pathological report was to the effect that the enlargement was due to simple inflammatory changes and that there were no signs of tuberculosis. A small healthy-looking appendix was removed at the end of the operation.
Result.s.-The general condition of the patient has improved very much since the operation, from which he had a very easy recovery. Another series of skiagrams taken on November 17, 1927, shows that the stomach now gets rid of a barium meal at the end of three hours-that is, just twice as quickly as before the operation. He has had no further attacks of pain, and his weight had increased from 2 st. 9 lb. to 3 st. 2 lb. on April 15, 1928. 
